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m'lXTSPSKSUrG  AHD  behavior  op  chapp  in  space 


by 

<7 .  9.  Henson  and  J.  W.  Craig 


i.  unRODucnoH 


Chaff  has  been  tued  extensively  during  the  past  two  decades  for 
establishing  airborne  radio  scattering  targets.  The  principal  advantage 
of  this  Material  is  the  very  high  echo  area  per  unit  weight •  Heretofore 
chaff  employment  has  been  confined  largely  to  the  lower  port*  on  of  the 
earth's  atmosphere.  With  the  advent  of  aan-aade  satellites  and  other  types 
of  space  vehicles,  it  beccaet  worthwhile  to  consider  soae  of  the  problems 
associated  with  the  use  of  chaff  above  the  earth U  atmosphere. 

II.  SCOPE 

this  memorandum  deals  primarily  with  investigations  conducted  at  ERL 
in  two  areas  of  the  space-chaff  problem.  First,  an  experimental  study  was 
Made  to  determine  soae  possible  Methods  of  dispensing  chaff  at  very  high 
altitudes.  Secondly,  the  behavior  of  cbaif  when  dispensed  from  an  earth 
satellite  In  a  circular  orbit  vas  investigated. 

Msny  uses  for  chaff  in  space  have  been  suggested  by  groups  throughout 
the  country.  Soae  possible  applications  include  scatter  communications, 
countermeasures,  end  decoys.  It  is  not  the  intention  of  this  paper,  however 
to  deal  with  the  uses  of  chaff  in  space  or  the  quantities  necessary  for  the 
various  applications. 
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III.  HZQUIHBttHTS  FOR  A  VOT-HIffi-AIglTUDB  DISPBCSgR 

The  basic  requirements  for  a  very-high -altitude  dispenser  ere  as 
follows: 

(1)  The  dispenser  aust  separate  the  chaff  into  individual  dipoles 
without  Mutilation. 

(2)  The  dispenser  Bust  give  the  dipoles  pre-deterained  velocity 
with  considerable  precision. 

for  chaff  to  be  aost  effective  as  an  electro -Magnetic  reflector,  it 
is  necessary  that  the  cloud  be  composed  of  individual  dipoles,  not  groups 
or  clusters.  When  chaff  is  dispensed  from  a  fast -Moving  vehicle  within  the 
earth's  ataosphere,  drag  forces  tend  to  separate  the  chaff  clusters  into 
individual  dipoles.  Outside  of  the  earth's  ataosphere,  the  drag  forces 
available  for  dipole  separation  are  very  saall.  Hanee  it  la  necessary  to 
use  soae  other  aeans  to  assure  efficient  separation  of  the  chaff  bundle. 

The  velocity  given  to  tne  dipoles  when  chaff  lo  dispensed  vithin  vhe 
earth  *8  ataosphere  can  be  varied  over  a  wide  range  and  still  produce  a 
cloud  of  reasonable  dlaenslons  and  dipole  density.  If  tbe  velocity  is 
saall,  wind  currents  will  disperse  the  chaff.  If  the  initial  velocity  is 
large,  the  excess  kinetic  energy  will  be  rapidly  absorbed  by  the  air.  In 
any  event,  the  cloud  will  retain  finite  dlaenslons  for  soae  appreciable 
length  of  tlae.  On  the  other  band,  chaff  dispensed  above  the  earth's 
ataosphere  (but  not  in  orbit)  will  retain  the  dispensing  velocity  indefi¬ 
nitely.  If  this  velocity  is  large  the  cloud  will  grow  to  tremendous 
proportions  and  becoae  quite  diffuse  in  a  short  tlae.  If  the  dispensing 


AST  TK  61-37 


-2- 


61WWBK  251!) 


velocity  is  util,  the  blooa  time*  will  he  excessive.  For  chaff  dispensed 
fro*  a  vehicle  in  orbit,  the  Magnitude  and  direction  of  the  dispensing 
velocity  will  determine  the  rate  of  growth  of  the  earth  chaff  bv'.t  as  well  as 
the  maxima:  dimension  (width,  depth,  etc.)  of  the  belt.  More  will  be  said 
about  the  behavior  of  orbiting  chaff  in  later  sections  of  this  report. 


♦The  time  required  for  the  cloud  to  reach  useful  sise. 


ASD  W  61-37 


-3- 


61VWKR  2313 


IV 


a  <V< ;  f  u ^  fi! .  v  jjj 1 


:ob  or  DISPERSING 


A.  VApor-Preasure  Method 

1.  General  :'»*criptior.  r 

Tbit  technique  utilises  the  rapid  vaporisation  and  expansion 
of  fluids  to  achieve  the  initial  dipole  separation  and  snail  velocity  dif¬ 
ferential  desired.  The  actual  mechanics  of  the  operation  consists  of 
soaking  the  dipoles  thoroughly  vith  the  desired  fluid  and  packing  then  into 
a  dispensing  chamber.  After  all  excess  fluid  is  drained  off,  the  package 
is  then  Immediately  seeded  under  atmospheric  conditions.  When  it  is  to  be 
dispensed,  the  fluid-soaked  chaff  is  thrust  fro*  the  dispensing  chsaber  into 
a  vacuum.  This  vacuus  causes  rapid  vaporisation  and  consequent  expansion  of 
the  fluid.  The  vapor  flow  imparts  velocity  to  the  dipoles  and  the  presence 
of  fluid  between  individual  dipoles  ensures  good  dipole  separation. 

2.  Scope  of  experimental  work: 

The  experimental  work  was  limited  to  observation  of  dipole 
separation  and  measurement  of  cloud  velocity  as  a  function  of  fluid  vmpc~ 
pressure  and  chaff  type-  The  fluids  used  ranged  fra*  Daw  Coming 
200  silicone  fluid,  1.0  centistoke  viscosity  with  a  vapor  pressure  at 
ambient  temperature  of  2.7  mm  Kg,  to  acetone,  which  has  an  ambient  temperature 
vapor  pressure  of  229  am  dg. 

Four  types  of  aluminum  and  one  of  glass  chair  were  used  m  the 
experimental  work.  Aluminum  chaff  sise  ranged  from  0.75  x  0.016  x  0.0005  in. 
to  4.5  x  0.25  x  0.0005  in.  The  length  and  diameuer  of  the  glass  dipoles  were 
0.75  in.  and  0.002  in.  respectively. 
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3*  Description  of  test  equipment: 


The  cell  jar  (volume  approximately  3  ft^)  and  one  of  the 
ejection  devices  used  in  these  investigations  are  shown  in  Figure  1.  Figure  2 
is  a  cross  section  drawing  of  the  ejection  apparatus  and  shews  the  method  of 
executing  chaff  ejection.  The  chaff  is  exposed  to  the  vacuum  by  a  downward 
dir  v  -c^&nt  uf  the  enclosing  cup.  This  movement  is  accomplished  by  pul-ling 
on  •  i  center  rod  shown  in  Figure  1. 

It  should  be  noted  that  two  different  types  of  chaff  containers 
were  employed.  These  containers  ure  shown  in  Figure  3>  The  upper  container 
was  used  with  the  3A"  length  dipoles  which  were  packed  axially.  The  lower 
contain  ir  was  used  with  the  •»  1/2"  length  dipoles  which  were  packed  circumfer¬ 
entially.  both  containers  were  designed  for  radial  chair  ejection. 

A  pictorial  recording  of  each  teat  was  made  with  a  rhstax 

camera.  - 

Teat  procedure: 

The  chaff  to  be  used  in  the  teat  was  bathed  and  cleaned 
thoroughly  in  the  fluid  involved.  This  waa  done  to  remove  the  chaff  lacquer 
coating  which  la  soluble  in  most  of  the  fluids  under  consideration.  (Thlc 
procedure  was  not  necessary  for  the  V-i/2’'  chaff  which  has  no  lacquer  coating  ) 

After  the  bathing  operation  tne  chaff  va»  tc-  ked  into  the 
appropriate  chaff  container.  It  was  then  soaked  ♦ uorooghly  with  fluid,  the 
•■..cess  fluid  poured  off,  and  the  container  sealed  lemediately.  The  loaded 
container  was  then  placed  in  the  bell  jar. 
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FIGURE  I 

TEST  SET-UP  BEING  USEO  IN  VERY- HIGH -ALTITUDE 
CHAFF- DISPENSING  STUDIES 


ASO  TN  Si  -57 


6IWWRN  2515 


ASO  TN  61-37 


6IWWRN  251 5 


(o)  CONTAINER  FOR  AXIALLY  PACKED  CHAFF. 


FIGURE  3 


ASO  TW  *1-37 


6IWWRN  2515 


Dare  wi  taien  to  prevent  radiant  beating  of  the  fluid  and 
chaff  from  the  high,  intensity  Fhstax  lights  during  the  tests.  All  the  tests 
were  run  at  hell- jar  pressures  of  less  than  0.10  am  Eg.  Precautions  were 
taken  to  prevent  pressure  leakage  around  the  0-ring  seals  of  the  chaff 
container. 


5*  Data  reduction: 

The  fkstax  fils:  of  the  tests  was  first  studied  qualitatively 
with  a  l6  mb  movie  projector  to  observe  dipole  dispersion  and  separation. 

It  was  then  studied  quant  datively  frame-by-frame  to  determine  dipole  veloc¬ 
ity.  Basically,  the  velocity  was  determined  by  measuring  the  change  in 
diameter  of  the  cloud  for  a  given  number  of.  frames.  Knowing  frame  speed  and 
an  appropriate  dimensional  scale  factor,  the' average  dipole  velocity  could 
be  readily  calculated. 

6.  Remits: 

The  principal  results  of  the  experimental  investigations  are 
given  in  Figure  4.  Bote  that  the  dipole  velocity  is  approximately  linear 

with  In  plotting  these  data,  several  very  Irregular  points  have  beer. 

omitted. 


A  complete  description  of  all  tests  is  given  in  tabular  form 

in  Appendix  A. 

The  results  of  Figure  4  stated  in  equation  form  are: 
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EXPERIMENTAL  RESULTS 


The  coefficient*  vere  determined  from  a  least  squares  fit  of  the  experimental 
points  in  Figure  k.  It  should  be  stressed  that  this  is  strictly  an  empirical 
statement.  It  is  approximate,  and  is  known  to  hold  only  for  the  vapor - 
pressure  rarge  of  the  table  in  Appendix  A.  It  should  be  used  with  caution 
outside  this  range. 

Figure  5  is  u  print  of  several  frames  of  film  from  Test  K 
which  employed  methyl  alcohol  as  the  ejecting  fluid.  Figure  6  (2  pages)  Is 
a  similar  print  of  Test  W  which  employed  no  fluid.  Mote  the  great  difference 
in  the  behavior  of  the  two  chaff  clouds. 

The  frame  speed  for  both  runs  was  approximately  2300  frames/ sec, 
but  only  every  tenth  frame  was  printed.  The  horlsontal  bar  appearing  in 
Figures  5  and  6  was  used  for  calibration  in  the  determination  of  dipole 
velocity. 


7-  Limitations: 

The  use  of  fluid  vaporisation  to  dispense  chaff  is  limited  to 
very  low-pressure  or  high -altitude  conditions.  It  is  necessary  that  the 
ambient  pressure  be  very  low  compared  to  the  vapor  pressure  of  the  -  fluid 
in  use. 

Since  vapor  pressure  varies  radically  with  fluid  temperature, 
knowledge  of  temperature  conditions  at  the  time  of  dispensing  Is  necessary. 
The  unevaporated  fluid  is  cooled  during  dispensing  as  vaporisation  takes 
place.  However,  the  conditions  in  the  test,  chamber  and  in  space  are  essen¬ 
tially  the  same  in  this  respect.  The-  radiation  loss  to  spree  during  the 
very  short  dispensing  period  is  negligible. 

Dipole  separation  may  be  lmcooplete  with  a  fluid  of  relatively 
low  vapor  pressures.  In  the  tests  using  1.0  centistoke  viscosity  Dow 
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FIGURE  6  (CONTINUED) 


Coming  200  Silicone  fluid  (vapor  pressure  about  2-7  am  Hg  at  72  *F),  soae 
dipoles  stuck  together  in  cluaps  of  three  or  four. 

This  method  of  dispensing  is  not  applicable  to  low-frequency 
"rope"  type  chaff.  Other  specialized  methods  of  dispensing  will  be  necessary 
for  this  variety  of  chaff. 

B.  Low-Pressure  Qas  Dispenser 

Another  method  of  chaff  dispensing  investigsted  Involved  a  low- 
pressure  gas  dispenser.  This  dispenser  consists  of  a  glass  cylinder  packed 
with  chaff  and  pressurized  with  low-pressure  air.  The  chaff  is  dispensed  by 
shattering  the  glass  with  bullets  fired  by  high-pressure  air  as  shown  in 
Figure  7* 

Figure  8  shows  one  of  the  dispensers  designed  and  built  at  ERL- 
Several  units  were  ten  *  but  sealing  difficulties,  particularly  at  the  ends, 
were  encountered.  The  project  was  discontinued  in  favor  of  concentration  on 
the  vapor-pressure  method. 

C.  Spin  Dlsrensers 

The  spin  dispenser  is  a  mechanical  device  for  ejecting  snd  dispensing 
the  chaff,  as  shown  in  Figure  9*  Three  dispensers  of  this  nature  were 
designed  and  built  at  Defense  Research  laboratory  and  installed  as  "piggyback" 
equipment  in  a  Thor  missile  rose-cone.  The  missile  vns  fired  from  Cape  Cana¬ 
veral  in  January  of  I960..  For  a  complete  description  of  this  experiment  and 
the  associated  equipment  see  ERL  AF  Technical  Memorandum  Bo.  50  (Con¬ 
tract  A F  33(616) -5164). 
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FIG.  7 

LOW -PRESSURE  GAS  CHAFF  EJECTION  setup 
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FIGURE  8 

CHAFF  CONTAINER  FOR  LOW  PRESSURE  GAS  EJECTION 


V.  THEORETICAL  IWVBSTirATIOWS  OF  CHAFF  BEHAVIOR  IN  SPATS 

A.  Scope  of  Study 

Theoretical  studies  have  been  limited  to  the  behavior  of  chaff 
when  dispensed  from  a  vehicle  in  a  circular  geocentric  orbit.  From  curve# 
and  other  information  included  herein,  it  Is  easy  to  determine  the  effect 
of  the  di  /easing  velocity  on  certain  pertinent  chaff  cloud  parameters.  Of 
particular  interest  is  the  time  required  to  form  a  complete  belt  of  chaff 
around  the  earth. 

B.  Assumptions 

In  the  theoretical  analysis  the  following  assumptions  vere  made: 

(1)  Drag  on  the  dipoles  is  negligible  during  the  period  of 
interest.  This  will  be  true  if  the  orbit  is  sufficiently 
high  above  the  earth. 

(2)  The  dispensing  velocity  is  imparted  to  the  dipoles  instan¬ 
taneously.  Experimental  results  from  the  vapor-pressure 
study  show  that  the  velocity  is  obtained  within  a  few 
milliseconds. 

(3)  The  simplified  two-body  equations  are  sufficiently  accurate 
to  describe  the  orbit  of  the  dipoles.  This  will  be  true  so 
long  as  the  orbit  is  near  enough  to  tne  earth  that  the 

.  attraction  to  the  moon,  sun,  and  planets  can  be  neglected. 

The  effects  of  earth  oblateness  are  also  neglected. 

{b)  Photoelectric  and  magnetic  effects  are  negligible. 
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C.  The  Elliptical  Orbit 

Figure  10  shove  an  ellipse  and  defines  some  of  its  important 
properties.  The  path  of  a  particle  in  orbit  about  the  earth  is  an  ellipse 
with  the  earth  at  one  focus.  A  circular  orbit  is  a  special  ellipse  for 
which  the  eccentricity  is  zero.  (A  discussion  of  orbits  can  be  found  in 
any  good  book  on  mechanics.) 

Some  of  the  more  important  relationships  for  simple  two-body  systems 
are  given  below. 


(l)  a  *  |jg  where  »  constant 


(2) 

8  v1  +  7T 

g»  Acceleration  of.gravity  at  surface 
of  earth-^t/ sec 

(3) 

E  «  1/2  V2  -  £ 

S  *  Radius  of  earth  •  ft 

(Constant  for  a  parti¬ 
cular  orbit) 

„  i .  ,» 

E  •  Sum  of  kinetic  and  potential  energy 
per  unit  mass  (E<0  for  ellipse) 

(4) 

h  *  Angular  momentum  per  unit  mass 

(5) 

t  ■  periodic  time  -  sec 

D.  Dispensing  Effects 

1.  Preliminary  Consideration 

Consider  a  vehicle  in  a  circular  geocentric  orbit  capable  of 
dispensing  chaff  with  a  velocity  dV  relative  to  itself  in  all  directions 
simultaneously.  (See  Figure  11.  )* .  After  dispensing,  each  dipole  will  have 

"Thrcughovft  this  discussion,  the  subscript  0  wherever  used  refers  to  the 
conditions  of  ths  original  circular  orbit.  The  subscript  1  refers  to  the 
orbital  conditions  produced  by  and  so  forth. 
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a  INITIAL.  CIRCULAR  ORBITAL  VELOCITY. 


a  INITIAL  ORBITAL  RAOIUS. 
a  RAOIUS  OF  EARTH  *  20.925  X  10*  FT. 
a  PERTURBATION  OR  DISPENSING  VELOCITY. 
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FIGURE  II 

LIMITING  DISPENSING  CONDITIONS 


ASO  TN  11-37 


6IWWRN  2515 


its  total  velocity  vector  changed  in  magnitude  or  direction  or  both.  Bach 
dipole  will  theoretically  be  transferred  to  a  unique  elliptical  orbit;. 


It  is  difficult  to  define  as  a  function  of  time  the  shape  and 
size  of  r  group  of  orbiting  dipoles  when  dispensed  in  the  Banner  described 
in  the  above  paragraph.  In  order  to  simplify  the  problem,  only  the  diner. - 
sional  limits  of  the  chaff  cloud  were  studied.  The  A/'a  of  the  directions 
shown  in  Figure  11  establish  the  maximal  dimensions  (width,  depth,  etc.)  of 
the  chaff  cloud.  It  is  now  worthwhile  to  consider  in  detail  the  effect  of 
these  limiting  A/'s  on  the  orbit  parameters. 


I 

I 

! 


2.  AY,  and  AY„ 

1  2 

She  time  required  to  "belt"  the  earth  as  well  as  the  maximum 
depth  of  the  belt  are  determined  by  AY^  and  AZ0  Figure  12  shows  qualita¬ 
tively  the  effect  of  £U^  and  Ot^  with  respect  to  the  initial  circular  orbit. 

A  dipole  ejected  with  velocity  AS will  have  a  total  velocity  ( immediately 
following  ejection)  and  energy  par  unit  mass  less  than  that  of  the  dispensing 
vehicle.  On  the  other  hand,  AYg  increases  the  dipole  velocity  and  energy  per 
unit  mass.  The  vector  addition  of  VQ  to  the  various  A/'e  shows  cleariy  that 
AY^  and  til^  produce  the  extremes  in  dipole  energy  change.  Since  the  periodic 
time  is  a  function  of  S  only,  and  also  produce  the  extremes  in 
periodic  time  (See  Squat ion  5).  It  is  these  extremes  in  the  period  that 
determine  the  time  required  for  the  chaff  cloud  to  "belt"  the  earth.  It 
should  he  rated  that  the  orbital  plane  of  dipoles  dispensed  vith  tU^  and  AY,., 
is  the  sane  *.a  that  of  the  dispensing  vehicle. 

Using  Figures  13  and  14,  it  *s  possible  to  determine  th'r 
number  of  orbits  as  well  as  the  tlac  required  to  form  a  complete  earth  belt 
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DISPENSING  POINT 


FIGURE  12 

qualitative  ORBITS  AFTER  perturbation 
FOR  ^  AND 
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PERIOD  AND  VELOCITY  OF  A  SATELLITE  IN  A  CIRCULAR  GEOCENTRIC  ORBIT 


FIGURE  14 

DIMENSIONLESS  PARAMETERS  PERTAINING  TO  CHAFF  BELT  FORMATION  TIME 


vben  the  chaff  is  dispensed  vlth  SI  Halts  shown  In  Figure  11.  It  is 

interesting  to  note  that  n  (Figure  l4)  is  a  function  only  of  and 

not  R  .* 
o 

The  use  of  these  curves  can  best  be  explained  by  an  exaaple. 

Given 

Sf  =  JO  ft/sec  (determined  by  fluid  vapor  pressure) 
6 

it  -  R  *  6  x  io  feet 
o 

Frcm  Figure  13  for  circular  orbits 

VQ  «  22,800  ft/sec 

t  »  TbOO  sec 
o 

^  ^  *  g^ffio  “  °‘ 00152 

From  Figure  'b 

n g  •  125  orbits 

t. 

^  -  1.004 
To 

^  -  1.004  (7400)  ^  7440  sec 

Time  required  to  bait  the  earth 

"  °2T2  "  ^3600^'  "  250  hour* 

From  aquation  1  it  is  readily  seen  that  Sf^  and  Si^  a1*0 
determine  the  maxiw  depth,  of  the  chaff  belt.  This  thickness  is  given 


♦For  a  proof  oi  this  and  for  various  derivations,  see  Appendix  B. 
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by  2  (a_  -  *.)  M  shown  in  Figure  12  This  parameter  is  plotted  in  Figure  15 
*  A  _  tu  * 

Again  the  use  of  this  curve  can  best  be  explained  by 


Ml 

as  a  function  of 
an  exaapie.  0 


Given  (fro*  above  exsap le) 


a.  »  0.00132 

o 

»0  *  6  X  106  +.20.925  X  106  ft 
rrvm  Figure  15 


a(‘»  ~  ^ 
»0 

a(«2  -  *].) 


0.0105 

0.0105  (26.925  x  106) 

28.25  x  10^  ft 
53*5  ailes 


3-  and 

Figure  16  shows  qualitatively  the  result  of  and  tU^  with 
respect  to  the  initial  circular  orbit.  Bote  that  the  apse  lines  of  the-.e 
two  orbits  are  shifted  by  plus  and  alnus  90*  froa  the  dispensing  point.** 

It  is  easily  shown  froa  energy  considerations  that  these  orbits  do  not  pro* 
duce  the  aaTlaiw  cloud  depth  nor  the  extremes  in  orbital  period.  The 
orbital  plane  of  dipoles  dispensed  vith  and  la  the  saae  aa  that  of 

J  "*■ 

the  dispensing  vehicle. 


*  dee  Appendix  B  f or  derivations. 

**See  Appendix  B  for  proof. 
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FIGURE  16 

QUALITATIVE  ORBITS  AFTER  PERTURBATION 
FOR  AV->  AND  AV4 
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4.  ar5  and  fl/g 


The  wu&mm  width  of  the  chaff  belt  is  determined  by  £U^  and 
4Pg«  Figure  17  shews  qualitatively  the  effect  of  thee*,  dispensing  velocities. 
The  principal  result  is  to  rotate  the  planes  of  the  orbits,  although  other 
orbital  characteristics  are  also  changed.  However,  from  staple  energy  con¬ 
siderations  it  is  readily  seen  that  and  do  not  produce  the  waxiimim 
depth  of  the  belt  nor  the  extremes  ir.  orbital  period. 

froa  the  lover  curve  of  Figure  1$  it  is  possible  to  determine 
the  aaxlaiai  width  of  the  belt.*  An  exaap]e  will  readily  explain  the  use  of 
this  curve. 


Given  (froa  previous  examples) 
2  -  0.00132 
*0  -  26.925  *  ID6  ft 
Free  Figure  15 

2.. 0026 
*0 

2W  -  .0026  (26.SE5  a  IQ6) 
-  70,000  ft 
*  13-?  wiles 


•See  Appendix  B  for  derivation  of  the equation. 
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AFTER  DISPENSING: 

)l  H>*  +  ^5 2 

61  2  2 
E>E0 

h  >hft 


INITIAL  CIRCULAR  ORBIT 


FIGURE  17 

QUALITATIVE  ORBITS  AFTER  PERTURBATION  FOR  iW5  AND  AV, 
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5-  Other  Considerations 


It  is  interesting  to  consider  the  result  obtained  when  the 
chaff  is  dispensed  from  the  orbital  vehicle  vithout  a  velocity  component 
parallel  to  the  original  velocity  vector.  (All  AV’s  are  equal  and  perpen¬ 
dicular  to  the  original  velocity  vector.)  After  dispensing,  all  dipoles 
vill  have  the  sase  energy  and  hence  the  same  period  (Equation  5).  Instead 
of  forming  a  belt,  the  chaff  cloud  vill  grow  and  change  as  a  function  of 
tine  in  some  peculiar  cyclic  aanner,  repeating  this  cycle  each  orbit.  All 
the  chaff  vill  theoretically  arrive  back  at  the  dispensing  point  at  the 
sane  tine.  Thus  as  AV^,  AV^,  and  all  ether  velocity  components  parallel 
to  VQ  approach  sero,  the  masber  of  orbits  required  to  produce  an  earth  belt 
approaches  infinity,  as  indicated  by  figure  14. 
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vi.  conclusions 


(1)  The  vapor -pre t *ure  technique  is  very  effective  for  separating 
dipole*  in  a  spece-llke  environment . 

(2)  When  dispensing  fluid -saturated  chaff  in  a  low-pressure 
environment,  the  dipole  velocity  is  approximately  linear  vith  the  square 
root  of  the  fluid  vapor  pressure. 

(3)  Chaff  dispensed  omnidirectionally  from  a  vehicle  in  a  circular 
geocentric  orbit  will  fora  a  belt  around  the  earth. 

(U)  Chaff  given  a  uniform  dispensing  velocity  perpendicular  to  the 
original  circular  orbital  velocity  will  produce  a  chaff  cloud  which  grows 
and  changes  in  same  cyclic  manner.  The  cycle  will  repeat  once  each  orbit 
and  the  cloud  theoretically  will  not  form  an  earth  belt. 
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APPENDIX  B 


Definition  of  Terns  and  nomenclature  used  In  Text  and  Appendix  A 
NOTE:  Subscripts  1  through  6  refer  to  AV's  1  through  6  as  defined 
by  Figure  11  of  text. 

p  -  Ceoocr*ric  orbital  constant  =  gQ  R2  =  i't 0.99137  x  101,1*  ft^/sce2 
t  -  OrDitr—  period 
E  -  Total  specific  energy  of  orbit 

VQ  -  Dipole  or  vehicle  velocity  in  the  original  circular  orbit 
V  -  Dipole  velocity  after  ejection 
R  -  Radius  of  cartn 

Rq  -  Radius  of  original  circular  orbit  measured  froa  the  earth's  center 
AV  -  Velocity  perturbation  relative  to  the  dispensing  vehicle 
n  -  Umber  of  orbits  necessary  to  form  a  "ha^r  belt  around  the  ec .  h 
a  -  Seni-najor  axis  of  elliptical  orbit 
r  -  Radius  of  a  point  in  elliptical  orbit 

&  -  Angular  orientation  of  a  point  in  orbit  measured  counterclockwise 
from  the  apse  Hue  of  the  orbit 
e  -  Eccentrl  Ixy  of  orbit 
h  -  Specific  angular  momentum 
b  •  Seal -minor  avis  of  elliptical  orbit 
H  -  Maximum  "loud  width 

<p  -  Angle  bote**  i  the  orbits  of  dipoles  dispensed  with  AV,,  and  AV^ 
and  the  origins!  orbiv 
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I.  Derivation  of  n  Expression 


U)  ^-—**575 


where: 


(2) 

C. 


(3)  -  Va  »,*  -  fc- 


(W  v,  -  Vo  -  4Vl 

(5)  ^-i/av^-S- 


(6)  V2  -  Vo  * 


-■»  v„H 


Applying  (4),  (6),  and  (7)  to  (3)  and  (5)  wd  noting  that 
j  AVj^J  ■  j  fiYg  j  «  A/  we  obtain: 


(3')  E, 


-V  c  -  2  V  AV  ♦ 
o  o _ _ 


■V  ‘  ♦  2  V  £  r  ♦ 

,sJ\  v  -  °  0 

vP  /  o  O 


Mote:  fron  (3)  and  (5)  that,  j  EL,  <  |  EjJ 
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■Rierefore: 


’s  >T1 


1 

r 

i 

i 

i 

t 

i 


5  f  ' 


At  t**e  instant  the  earth  chaff  belt  is  ccwplete 

(8)  ngTg  «=  (n2+l)T, 

Solving  (6)  for  n^ 

<9)  "2'vn 

Then  substituting  (l)  and  (2)  into  (9)  an*  simplifying  ve 
(9')  n2  = 


obtain: 
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„m *m««  . . . .  '"’«•• 


I 

I 

I 

i 

I 


J  • 
r  t 


!  i- 

h: 

ii- 

* 


n. 


Proof  of  Generality  of  the  "n"  vs 


A£ 


plot 


Consider  two  sets  of  dipoles  denoted  by  subscri-'ta  a  and  b.  As suae 
they  are  ejected  into  orbit  such  that: 


(1) 

-*Vob 

and 

^a 

-k^ 

^a 

or 

Voa 

Then  ftrsi  (9*)  of  I  in  the  appendix: 


tnaber  of  orbits  reqjiired  to  belt  the  earth  s  determined  by  AV^ 


«nd  AY2-  From  equations  (3’)  and  (5')  ot  I  iu  the  a pyviiVx: 

®la  * 

h*m 


(3) 


*  J  ’  2  'oa  **a  * 


ua 


(*> 


B2b 


-Ug  -  a  ^  '"b  4  V 


•V2  ♦  2  aYb  * 
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wwwws* vW'W'M iim&P  ’■ +n ******* 


V- 

•is 


2  I. 

»  *** 

? 

?  ~ 

i  fr 

t  L 


ii! 


Substitute 


(l)  into  (**■): 

_  I -V  2  -  2  V  AV  +  2 

,2  I  oa _ oa  a  a  f 

K  2 

j>  i-vc2  ♦ a  yo.  "  a\i 


k2  E. 


la 


k2  E„ 


Substitute  (4')  into  (2): 
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V 
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IV.  Proof  of  Apse  Line  Shift  for  Dipole;  Dispensed  vltb  AV,  and  AV^ 


Ike  parametric  equation  for  an  elliptical  conic  section  is  given  toy: 


(!)  £.  -1- -■  f„— 

v 1  a  1  ♦  «  cos  6 


or  solving  for  cos  0: 


(!•)  cos  0  -  (1  -  c2)  -  i 


But  c  is  given  toy: 


(2)  €  -  1 1  ♦ 


«nd:  (3)  a  -  -g| 


Substitute  (2)  and  (3)  into  (!’)• 


(1")  cot  0 


Then  at  the  instant  of  velocity  perturbation: 


(4)  r-B 

Vo 

and  for  dipoles  dispensed  with  AV^  and 

(5/  |  AVj  |  -  |  £Nk  |  -  £N 

(6)  i*  .  V48  -  V=a  ♦  AV2 
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(7)  B,  -  1/2  V,2  -  £■ 

'  '  Ro 

(8)  ^  -  1/2  V42  - 


Applying  (4),  (5),  (6)  to  (7)  and  (8)  we  find: 

-V  2  +  AV2 

(9)  B,  «  -  ~£~2 - 


Sine-?  the  angular  oc»entva  is  unchanged  by  the  velocity  perturbation 

(io)  h  «  vo  so  -  /3T 


Substitute  (4),  (9),  and  (10)  into  (l“): 


or  cos  6  *  *  0 


or  6  *  i  90* 
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V.  Derivation  of  Equation  for  Dlaenaionlese  MixlBia  Cloml  Width  Parameter 


Maxima  cloud  width  any  be  expressed  by: 


(1)  2W  «  2b  sin  <f 


where 


(2)  -  Thn 


-1  AV 


where  AST  -  |AV5J  -  |  AYg  j 


(3)  b  -  *Jl  -  «2 

w  .  »yrr7s 


(5)  t 


(6)  S  -  1/2  V02  ♦  d#2!  -  jj- 

I  o 


or 


•v 


w  *  -n 


v^-ay2 


Substitute  (5)  and  (6)  into  (4). 
2 


(4’)  €  -  J  f 
o 
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